Background Foot arches are important components for body sup-
H umans require feet that are able to support and lift the body. To serve this purpose, feet have concavities called foot arches. The foot arch is convex at the dorsal aspect and concave at the plantar aspect, both medially and laterally with longitudinal and transverse direction. [1] [2] [3] [4] The degree (grade) of foot arch concavity is important as a component of daily physical activities such as standing, walking, jumping, and running. Foot arches that do not grow properly cause equilibrium problems, instability, continuous deformity, worn-out shoe soles, tiredness, overuse injury, and pain, 1, 3, [5] [6] [7] [8] which bring limitations in daily activity, sports achievement, and in some occupations, especially military ones. 6, 7, [9] [10] [11] Two forms of foot arch abnormality are flat foot (pes planus), in which the arch is lower than normal, [12] [13] [14] and pes cavus, in which the arch is higher than normal. 15 The prevalence of flat foot in adults is >20%. 12 Diagnosis of foot arch grade can be done by foot print. There are five grades of foot arch growth; the 1 st grade is equivalent to flat foot grade 3, the 2 nd grade to flat foot grade 2, the 3 rd grade to flat foot grade 1, the 4 th grade to normal foot, and the 5 th grade to pes cavus. 16 The lower extremity can be seen as one functional unit, in which many different components work in unity. Deviation of the foot can give impact on knee and vice versa. From a previous study, it is known that most children 0-2 years old have bow legs and those 2-7 years old have knock-knees. 17 The length, width, and height of a foot are different while sitting, standing, or standing on one leg. 18 The growth of the foot is influenced by age, sex, and race. 16, [19] [20] [21] [22] Race is a dynamic factor which is always involved in microevolution. 23 For the past 10,000 years, the Indonesian race was predominantly Mongoloid, followed by Austrome-lanesoid. However, nowadays the Caucasoid race has started to give influence, 24 so that the original race is no longer evident. [25] [26] The growth of foot arches might also be influenced by age, sex, weight, height, and growth of the knees. Knowledge of foot arch growth is useful for prevention of further deformity, early diagnosis, management, and prediction of growth. To date, there no study has been conducted on foot arch growth and its influencing factors. The objectives of this study were to determine the pattern of foot arch growth from 0-18 years, factors influencing foot arch growth, and the timing for intervention of errant growth patterns.
Methods
This cross-sectional study was conducted in South Jakarta from February to July 2002. The required sample size was calculated to be 172 for each age group (in years) and sex. Subjects were chosen through 2-stage random sampling, and were grouped by year(s) of age and sex.
Subjects were recruited from maternity clinics, posyandu (community health posts), preschools, kindergartens, elementary schools, junior high schools, and senior high schools in South Jakarta. Subjects included were infants and children aged 0-18 years old without any abnormality other than flat foot, knock-knee, or bow leg. Newborns should also be fullterm, <5 days of age, and weighing >2500 grams.
The instruments used were a Seca 890 motherand-child weight scale, a Seca 220 height scale, a foot print basin, and modified calipers. Data obtained were foot arch class as dependent variable and age, sex, weight, height, medial intercondylar distance (IC), and medial intermaleollar distance (IM) as independent variables. Chi-square test, correlation, binary and linear regression, general linear model, and contrast matrix were employed where appropriate.
Ethical clearance for this study was obtained from the Medical Ethics Committee of the Medical School, University of Indonesia.
Results
There were 8376 children who met the inclusion criteria, consisting of 50.7% boys and 49.3% girls. Flat foot grade 3 (1 st grade of foot arch growth) had a stable proportion throughout the ages of 0-18 years. The proportion of flat foot grade 2 (2 nd grade of foot arch growth) decreased in line with increasing age up to the age of 10 years. The proportion of flat foot grade 1 (3 rd grade of foot arch growth) decreased in line with increasing age up to the age of 14 years. In contrast, the proportion of normal foot arch (4 th grade of foot arch growth) increased as the proportion of flat foot grade 1 decreased. At the age of 7 years for boys and 9 years for girls, pes cavus (the 5 th grade of foot arch growth) was found, which had stable proportion. Flat foot was found in small proportions in the 18-year age group (Figures 1 and 2) .
According to the mean grade of foot arch growth in boys as well as girls, at 0-3 years old children mostly had flat foot grade 2. At age 4 years, most children had flat foot grade 1. Most 18-year-olds had normal-shaped feet. The median grade of foot arch growth was consistent with flat foot grade 1 in children aged 0-10 years and with normal foot in those aged 11 years ( Table 1) .
Age and height seemed to have positive influence on foot arch growth. Body weight and medial intermalleolar distance had negative influence. Medial intercondylar distance had positive influence in boys but not in girls, but this difference was not significant. In 16.5% of boys and 19.7% of girls, the variability of the grade of foot arch growth was influenced by the variables studied. In the remaining children, this variability was caused by other factors.
Based on the data obtained, we developed a regression equation to determine the grade of foot arch growth for boys as follows: Grade of foot arch growth (boys) = 2.549 + 0.06729 x age (years) -0.03038 x IM (cm) + 0.02433 x IC (cm)+ 0.003596 x height (cm) -0.009886 x weight (kg). Tables 2 and 3 show regression coefficients of the growth of foot arches in boys and girls, respectively.
Based on these results, we infer that intervention for errant growth patterns could be done through the ages of 0-18 years, but should be started as soon as possible, particularly for flat foot grades 3 and 2. It should be started no later than age 14 years for flat foot grade 1, 1 year for flat foot grade 2, and as soon as possible after birth for flat foot grade 3. The optimal intervention time is probably before the ages of 6 years for boys and 4 years for girls.
Foot arches of 6-year old boys showed significant difference from those of 0-year-olds. This may imply that in boys, foot arches grow significantly between 0-6 years of age. While in girls, the difference was significant between 3-year-olds and 0-year-olds.
Discussion
The theory of foot arch growth cannot be separated from the ontogeny and philogeny theory of the human ability to stand on both feet. 1, [26] [27] [28] Flat foot is an abnormality that needs intervention to minimize deformity and to prevent further disability. 1, 3, 5, 9, [28] [29] [30] [31] [32] [33] [34] [35] Factors influencing foot arch growth are hereditary factors, 22-24 disease, 23 environment, 1,23 endocrine, [21] [22] [23] sex, race, 23,24,26 metabolic disorders, and mechanical pressure. 1, 22, 24, 26, [36] [37] [38] [39] Girls have a lesser degree of inclination angle and greater valgus knee angle than boys, influencing the force transmission of pressure, traction, and rotation, which in turn influence foot arch growth. 28, 39, 40 During the growth period, we recognize the presence of physiological flat foot, physiological genu varus, and physiolgical genu valgum. 1, 4, 12, 14, [41] [42] [43] [44] [45] [46] [47] [48] [49] Foot weight bearing on children would be better with lesser body weight and proper position of the foot. [41] [42] [43] [44] [45] [46] [47] Weight is important to measure growth rate. [50] [51] Foot orthotics is needed to correct deformity. 52 This study found that weight and height influenced foot arch growth. The weight and height of the urban population is different from those of the rural population, 53 and children from low socioeconomic status tend to have lower weight. 54 Results of this study can be applied for the urban population with Mongoloid race majority. As shown in Figures  1 and 2 , the proportion of flat foot grade 3 was constant across age groups, meaning that it did not grow. The proportion of flat foot grade 2 decreased over the ages and was stable at age 10 years. Therefore, both flat foot grade 3 and grade 2 are in need for early intervention. The proportion of flat foot grade 1 decreased with increasing age, and became balanced with the increment of the normal foot curve. Hence, flat foot grade 1 needs only monitoring. This finding agrees with the statement that flat foot will correct itself physiologically at age 4-6 years. 13 Another study of 672 Caucasians in 1994 found a higher prevalence of flat foot among children aged 0-2 years, and faster foot arch growth through the ages of 2-6 years. 55 Figures 1 and 2 showed that at age 7 years for boys and 9 years for girls flat foot was present, an evidence of the natural overgrowth of foot arches. This should be distinguished from foot arch overgrowth secondary to neuromuscular disorder (physiological versus congenital pes cavus). 15 From a biomechanical point of view, pes cavus causes abnormal distribution of weight bearing, and therefore needs early intervention. The adverse influence of weight to foot arch growth is a reason to prevent overweight in children. The influence of weight could explain why a child's tarsal height is lower when standing on one leg is lower than when sitting. 18 This result differed from that of another study, which found that weight had no influence on navicular height. 56 Flat foot is also found in children with Down syndrome 57 due to ligament hyperlaxity, and this condition needs intervention by a rehabilitation medicine specialist. Our opinion on the timing of intervention is novel and may be different from previous opinions.
Our data suggest that flat foot grade 3 does not grow, grade 2 grows slowly, grade 1 grows approaching the normal shape up to the age of 14 years and becomes stable. Not all cases of flat foot will become normal. Age and height positively influence foot arch growth, while weight and medial intermalleoli distance are negatively so. The influence of medial intercondyle distance on foot arch growth is positive in boys but insignificant in girls. Intervention can be done throughout the ages of 0-18 years, but should be started as soon as possible for grades 3 and 2. The latest intervention times for flat foot grades 1, 2, and 3 are 14, 1, and 0 year old, respectively. The optimal intervention time is up to 6 years old for boys and up to 3 years old for girls.
